Objectives: The database on cadmium (Cd) concentration in children is limited, especially in China. The present study aimed at evaluating the body burden of Cd and to propose reference values for urine Cd in young children, who lived in areas with no point sources of metal exposure. Methods: Overall, 1170 children aged from 1 month to 17 years old were enrolled in the study. A questionnaire was used to obtain essential information about age, gender, etc. Urine samples were collected to determine urinary Cd and urine creatinine. Results: A total of 1070 children, 544 males and 526 females, were included in the analysis. Based upon their age, the population was divided to three age groups (0 to 5 years, 6 to 11 years, and 12 to 17 years). The reference value of urinary Cd for children without disease and Cd exposure was as follows: 0 to 5 years < 0.56 µg/L, 6 to 11 years < 0.65 µg/L, and 12 to 17 years < 0.74 µg/L. The reference value of urinary Cd adjusted by urine specific gravity was as follows: 0 to 5 years < 0.83 µg/L, 6 to 11 years < 0.01 µg/L, and 12 to 17 years < 1.15 µg/L. The reference value of urinary Cd corrected by urinary creatinine was as follows: 0 to 5 years < 2.17 µg/L, 6 to 11 years < 1.23 µg/L, and 12 to 17 years < 1.25 µg/L.
Introduction
Cadmium (Cd) is a toxic heavy metal, which is prevalent in the environment (1) . Since the beginning of the industrial revolution, Cd has been vastly released into the environment as a common byproduct in the processing of zinc and lead-containing ores (2) . Long-term exposure, even at the lowest dose of cadmium, leads to many evidently adverse health effects in the organs, such as kidney, bone, lung, endocrine system, etc. (3) . Animal models have shown the embryotoxic and teratogenic nature of Cd (4) . Food, water, and air are the three sources of Cd pollution and air is majorly polluted by environmental tobacco smoking, house dust, and emissions from industrial activities (5) . With a biological half-life of 10 to 30 years (6), Cd is excreted very slowly from the human body and cannot be metabolized easily (7) . The primarily accumulated organs for Cd include kidneys and the liver (8) . Therefore, even though current Cd emissions have been drastically reduced, Cd from early exposure or accumulation will continue to threat human health (9) . However, no data reflecting the body burden of Cd in young Chinese mainland children was reported. In this study, we evaluated urine cadmium levels in Chinese children.
Methods

Study Population
A total of 1170 children aged from 1 month to 17 years old were enrolled in three districts, by a cluster random sampling method from five districts of Shenyang (China). The cases were from three communities: kindergartens, primary schools, and middle schools (except the senior year at high school). Socio-demographic data including age, gender, smoking habits, socioeconomic status, history of acute infection or chronic diseases were collected by questionnaires.
Biochemical Assays
Community doctors and teachers from kindergartens and schools were taught urine collection methods by specialists, who came from the pediatric nephrology department of Shengjing Hospital of China Medical University. Random spot urine specimens were collected in acidwashed bottles. Routine analyses of the urine samples were performed in the clinical laboratory of this university. Cadmium and creatinine in urine were measured. Urine Cd was determined by Graphite Furnace Atomic Absorption Spectrometry (GF-AAS, WS/T32-1996, Z5000, HITACHI, Japan). The detection limit was 0.28 ug/L for Cd in urine.
If the level of urinary Cd was higher than 0.5 ug/L, the average of three repeated measurements was recorded. Urinary creatinine was measured by an automatic biochemical analyzer (Biotek, USA) through an enzymatic method. To compensate for variation in urine dilution, the adjustments of the concentration of Cd were used. According to the correction formula, the concentration of Cd in urine adjusted by urine-specific gravity was calculated as follows:
(C) = the concentration of Cd in urine (c) × k, k = 1.020 -1.000/(urine specific gravity -1.000).
Statistical Analysis
Statistical analysis was conducted by SPSS 16.0 software for windows. Observed cumulative probability to expected cumulative probability (P-P) and Kolmogorov-Smirnov test were used to examine the data distribution for normality. Mann-Whitney U-test or Kruskal Wallis test were used when univariate differences were compared between groups. The urine Cd level below the detection limit was uniformly calculated with half of the value of the limit of detection. When the proportion of values below the detection limit was more than 50%, descriptive analysis was not used. Because Cd is harmful at high levels, right-sided 95% confidence intervals were chosen as reference ranges. P values of less than 0.05 were considered significant.
Results
General Information
Initially, 1170 children were enrolled. Among them, 50 cases failed to complete the questionnaires or failed to collect their urine samples and were excluded from the study, including 25 smokers, 17 children with acute infection such as fever and pneumonia, 2 children with a history of liver disease, 3 with kidney disease, and 3 with diabetes. In total, 1070 cases, comprised of 544 males and 526 females, were included in the statistical analysis. The effective rate of the database was 96%. Participants were divided to the following three age groups, 0 to 5 years, 6 to 11 years, and 12 to 17 years (Table 1) . 
Population Reference Value
The P-P plots showed that urine Cd did not satisfy the normal distribution in all age groups (Figure 1 ). The concentration of urinary Cd ranged from less than 0.28 µg/L to 1.77 µg/L. The median was 0.31 µg/L. There were no gender differences in urine Cd (P > 0.05). We also provided the corresponding reference intervals after adjustments. Reference ranges according to different ages for urine Cd with/without adjustment for creatinine and specific gravity are shown in Table 2 .
Compared with Hong Kong
Compared with Hong Kong, the reference intervals of urine Cd in children of Shengyang was higher (P < 0.05) ( Table 3 ).
Discussion
It has been estimated that one cigarette probably contains 1 to 2 µg of Cd (11) and Cd could be inhaled. In this present study, individuals who had never smoked were selected in the analysis to eliminate the effect of confounder smoking on the body burden (12) . Therefore, the blood Cd concentrations reflect environmental exposure to Cd (13) and urinary Cd is a good biomarker of cumulative Cd exposure, and reflects life-time exposure, provided that the renal function is normal (14) . After adjustment of urinary creatinine, the reference interval was < 2.17 µg/gcr in 0-to 5-year-old group and < 1.23 µg/gcr in 6-to 11-year-old group. There was a higher reference value in the younger age group, which was in disagreement with the reference value of urine Cd with/without correction by urine specific gravity. The concentration of creatinine is highly dependent on body composition and type of diet (15) . The present study had an age range from 1 month to 17 years, implicating a larger fluctuation of creatinine level. Thus, creatinine correction might interfere with the results, which were consistent with the idea supposed by Berlin et al. (16) . Therefore, the observed values adjusted for specific gravity are more accurate than the commonly used creatinine adjustment (17) .
In this study, the maximum concentration of urinary Cd was 1.77 µg/L. Although there was no reported exposure of Cd, contamination during the process of sample collection and measurement was also an issue that could not be ignored. Therefore, acid-washed bottles were used to collect samples in this study. If the level of urinary Cd was higher than 0.5 ug/L, the average of three repeated measurements would be applied in the test. If there was a large fluctuation in the 3 detections, the lower value was used. Through these methods, contamination could be vastly reduced. Cadmium is a long-time contaminant, which accumulates from early life to adulthood. It has been reported that maternal exposure to Cd negatively regulates birth weight, head, and chest circumference in females (18) . One primary mechanism may be related to the elevated Cd concentration in the placenta, originating from increased maternal exposure (19) , as a result of which Cd concentration in umbilical cord blood was increased and transferred to the fetus (20) . Insufficient zinc level in fetus can cause intrauterine growth retardation (21). Gallagher et al. (22) suggested that reduced serum ferritin on behalf of Fe deficiency was related to higher Cd both in urine and blood. The rate of Cd absorption is increased if the nutritional status of calcium, iron or zinc is low (23) . Thereby, it is necessary to keep a balance of trace elements in children to diminish the absorption of Cd.
Children seem to be at high risk of Cd exposure. In Cdpolluted areas, diet is the main source of Cd exposure in non-smoking populations (24) . A report showed that in a Cd-polluted rice basin, the urinary Cd excretion decreased by 40% after soil replacement (25) . Therefore, we can diminish the concentration of Cd in high-level areas by soilreplacement. Besides food, air-based exposure and being more prone to micronutrient deficiency, mouthing or accidently swallowing objects, such as inexpensive jewelry, may also contribute significantly to Cd exposure during childhood (26) . Therefore, it is of particular importance to maintain good healthy habits in infants.
Iran J Pediatr. In Press(In Press):e7654. 3 U n c o r r e c t e d
P r o o f
One of the limitations of our study was the measurement method. The GF-AAS was used to measure the levels of urine Cd in this study. The accuracy of this method is lower when compared to inductively coupled plasma mass spectrometry (ICPMS) (27) . This might be the main reason for the slightly high level of urinary Cd compared with other studies. Another limitation of the present study was the lack of blood Cd evidence to support the high levels of urinary Cd.
Conclusions
Although there were some limitations in this study, we reported the reference values of urine Cd in healthy Chinese children without Cd exposure. The reference values of urinary Cd were also adjusted by urine-specific gravity and by urinary creatinine. These data will provide significant implications for future clinical diagnosis of Cd toxicity.
